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STUDIES ON THE ORIGIN AND DEVELOPMENT OF NORMAL
HEMAGGLUTININS*
BERNICE B. KERSHAW
The origin of natural antibodies has been the subject of much
controversy over a period of years. Since the extensive investigations by
Landois2" on the transfusion of blood, the antibodies from opsonins to
those directed against toxins and many infectious agents have been in-
tensively investigated. The scopeofinvestigation has even beenextended
to cold-blooded animals, revealing hemagglutinins in the blood of
turtles,34 alligators,6 and frogs.30 Isohemagglutinins and bacterial agglu-
tinins have also been reported 5' 3 to be present.
A great many surveys have been made, which produced evidence for
more than one theory of origin. From results of the Schick test per-
formed on more than 150,000 children, .Zingher40 concluded that re-
peated exposure to infection with the diphtheria bacillus is the most
important factor in the development of natural immunity. Parr and
Avery25 claim the importance of a racial factor.
After a survey of family groups Hirszfeld and his colleagues"6 postu-
lated that immunity or susceptibility to diphtheria is inherited in correla-
tion with blood groups. They believed the blood groups to be constitu-
tional characters and susceptibility to diphtheria to be inherited in
correlation with these. Itnaturally follows that the physiological appear-
anceofantitoxins is also aconstitutional character. An external stimulant
can prematurely accelerate the formation of antibody only if the
physiological capacity exists. This genetic connection between blood
group and Schick reaction has been questioned.28
Hirszfeld17 has formulated a theory to account for the occurrence of
normal antibodies. He regarded normal antibodies as biochemical organs
whose formation is a serological reflex; just as reflexes such as sucking,
etc., occur in many animals, so also manynormal antibodies occur in the
serum without specific stimulation. This occurs at certain times during
the life of the individual, and this process of serological maturation was
called serogenesis, in analogy to morphogenesis. Before serological
maturity has been reached, an antigenic stimulus remains without any
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serological action. The appearance of antibodies denotes the maturation
of the reflex which occurs spontaneously. Throughout the literature are
many instances wherein age plays an extremely important part in the
development of antibodies.', 14, 20, 29
Landsteiner discusses the influence of a genetic factor in the forma-
tion of natural antibodies. He offers as proof the regular presence of
isoagglutinins in human serum, in strict correlation with inherited
isoagglutinogens. A spontaneous origin is suggested for normal hemag-
glutinins andhemolysins actingon theblood of foreign species.
Yet another mode of origin of hemagglutinins was observed by
Bailey,3 who inoculated rabbits intranasally with B. lepisepticum and
obtained heterophile antibodies which lysed sheep red blood cells. He
suggests that heterophile antibody may be stimulated in rabbits by B.
lepisepticum under natural conditions, and also in man by infections
with Shiga and other organisms. Landsteiner assigns to this only a
secondary r6le.
From the intestines of rabbits, Ingalls"9 isolated an enterococcus
which absorbed agglutinins for the Shiga bacillus from normal rabbit
*serum. She believes this to be due to the action of a haptene common to
both organisms, and that it may be an explanation of the natural anti-
bodies to pathogenic organisms.
Forssman'2 concluded from his experiments that the so-called
normal Forssman hemolysin in rabbits is a result of the absorption of
this antigen from the coecal contents. He suggests that this may occur in
species other than rabbits and that other normal antibodies may be
immune bodies of heterogenetic origin.
Althoughtheeffectofanumberofdifferentstimulionthe formation
of natural antibodies has been studied, there are few reports in the
literature on the effect of heat. Most of the work has dealt with the
effect of heat on immune antibodies or on resistance to infection. Rolly
andMeltzer27 concluded that ahigh body temperature in rabbits favored
the development of immune agglutinins. Winslow, Miller, and
Noble38 37 suggested, from the results of their experiments, that mod-
erate heat in contrast to extremely high heat delays the formation of
hemolysin, although there was too much individual variation to permit
definite conclusions. From another experiment they concluded that
moderately high temperature tends to decrease the power of agglutinin
formation in rabbits. Michiels22 reported that fever exerts no influence
on the production of diphtheria antitoxin and of typhoid agglutinins in
rabbits.
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Wollman and Uribe39 in studying cold-blooded animals found that
frogs produced more immune hemolysin at 300 C. than at 160 C. Allen
and McDaniel' injected frogs with human red blood cells and obtained
low hemolysin titers in frogs kept at room temperature, but none at all
was noted infrogs kept at 8 to 100 C. These results would suggest that a
high temperature is required for immune antibody production in cold-
blooded animals, but Smith"2 showed that cold-water fish could be im-
munized at their normal temperature with Bact. salmonicida.
While all these experiments have shown that there is a relation
between theanimal'sbodytemperatureanditsability to form antibodies,
the experiments for the most part have dealt with immune antibodies
and the resistance to infection. The following studies dealing with the
normal hemagglutinins of chickens were undertaken in order to deter-
mine some of the factors influencing theirorigin and development.
Materials and methods
Eggs: The fertile eggs used in these experiments were from Rhode Island
Red and Australorp hens. They were used both for incubation and for tests of
antigenicity. In the latter case, the yolks and whites of six eggs were separated
aseptically. The pooled yolks were diluted with 10 ml. of physiological saline,
and merthiolate in a dilution of 1:10,000 was added to both preparations. Fresh
preparations were made up at frequent intervals.
Animals: The animals used throughout these studies were young adults of
both sexes. The first group, serving as a source of red cells, was bled aseptically
by cardiac puncture, and by venepuncture. The anticoagulant employed was 1.5
per cent sodium citrate in physiological saline, equivalent amounts of blood and
anticoagulant being used. The red cells of the rabbit, rat, guinea-pig, dog, and
chicken were obtained in this manner, but those of the sheep and man were
added to an anticoagulant containing dextrose and sodium oxalate. The cells were
washed three times in large volumes of physiological saline and the suspensions
were made up from the packed ceLls.
The rabbits, rats, guinea-pigs, and mice constituting the second group of
animals used for the purpose of immunization were bled by cardiac puncture
both before and after the course of injections, and the hemagglutinin titers
were determined.
The chicks employed in the experiment to determine the effect of heat on
the hemagglutinins were Rhode Island Reds. Blood was removed aseptically from
the heart of eachchick every two weeks. Theagglutination technique was adapted
to small amounts by the use of small glass rings attached with paraffin to glass
slides. Each slide accommodated six rings, thereby facilitating the procedure of
keeping serial dilutions in order. The top edges of the rings were lightly coated
with petrolatum to hold the cover-slips in place, and to seal them to prevent the
evaporation of the hanging drops. Wax rings were marked on the cover-slips
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added a drop of the red blood cell suspension, the mixture was stirred on the
cover-slip which was inverted over the glass ring. The slides were rotated before
each reading, and the occurrence of agglutination read under the low power of
the microscope. The titration technique employed in the preliminary experiments
varied slightly with each one, and is described with the particular experiment.
Organ preparations: These were made ready for injection by removing
aseptically the lungs, kidneys, spleens, andlivers from 11 young adultBarred Rock
chickens. The tissues were washed with saline, triturated with sterile sand in a
mortar, and centrifuged. The supernatant was removed andsufficient saline added
to bring the total volume to 200 ml. Merthiolate was added.
A preparation was also made from embryonic chick organs in the same man-
ner. The organs of 40 embryos of 19 days incubation were pooled and the final
suspension was made up to a volume of 15 ml. by adding physiological saline.
A third preparation was made from the organs of 24 chicks immediately upon
hatching.
Bacterial vaccines: The bacterial vaccines were made from stock laboratory
strains. The growth from a 24-hour culture on nutrient agar was washed off with
saline and further diluted tomatch the desired McFarland nephelometer standard.
The organisms were killed by heating in a water-bath at a temperature of 600 C.
for one hour. Merthiolate was added as a preservative.
Incubators: The incubators in which the chickens were subjected to heat
contained deep trays in which several chicks could be kept without crowding.
'There was free circulation of air through the incubators at all times. The tem-
perature was thermostatically controlled and was checked on each shelf which
contained chicks. The humidity was regulated by large trays of water in the
bottom of the incubators and was also checked at different levels.
Forssman antigen: This was prepared by triturating guinea-pig kidneys in a
mortar and diluting the pulp with physiological saline to make a 25 per cent
suspension by weight. This was boiled for one hour and the volume was made
up with distilled water.
Results
Effect of heat on titer of antibodies: Preliminary titrations with
several antigens were done on anumberof inactivated chicken serums to
find the approximate range and titer of hemagglutinins. Appropriate
dilutions were made, 0.1 ml. of a 2.5 per cent suspension of red blood
cells was added to each tube, and the tubes were incubated in a 370 C.
water-bath for one hour. The presence of agglutination was read macro-
scopically against a strong light immediately after removing the tubes
from the water-bath. The serums were from chickens ranging in age
from two to ninemonths, and the antigens were redcorpuscles from rats,
rabbits, guinea-pigs, dogs, or man. The hemagglutinins for human red
cells were present in very low titer, or entirely lacking. In general, the
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tion-that for human red blood cells. The titers he obtained for these
cells were much higher; the titers in this investigation were determined
on Group 0 blood exclusively. There was nogreatdifference in the titers
of the serums of the nine-month-old and that of the two-month-old
chicken. After acertain stage in the developmentofthechick the hemag-
glutinins apparently do not increase much in titer. Since the red blood
cellsofthedogwereexcessivelyfragiletheywere notusedthroughoutthe
course of the experiments. Although severaldogs were used as sourcesof
red cells, the same fragility was shown in all cases. This fragility has also
been encountered by Olson.23
In the second experiment, 87 chicks were bled by cardiac puncture
immediately after hatching and the hemagglutinin titers determined.
Titrations were madeon the serums whichwerepooled into fourgroups;
0.5 ml. of blood were removed from each chick; serial dilutions were
made, and the total agglutination read immediately after removing
from the water-bath. At hatching there were no hemagglutinins present
for rabbit, rat, ordog redblood corpuscles in anyofthe groups ofpooled
serum. The four groups of chicks were subjected to varying degrees of
heat in order to determine the highest temperature at which a large
number could survive. At temperatures above 41 to 430 C. the death
rate was extremely high, even when the heat was applied intermittently.
Two of the groups were kept at 350 C. for the first week and the tem-
perature was lowered approximately five degrees each succeeding week
until it reached room temperature.
In the third experiment alarge group ofchicks wassubjected to con-
tinuous heat and hemagglutinin titrations were made at two-week inter-
vals. The titration technique was altered so that the titers could be deter-
mined on individual chicks instead ofon the pooled serum. Thehanging-
drop was used; the red blood cells wereused in a 2.5 per centsuspension.
In this experiment the chicks were not bled at hatching, since they
apparently show no hemagglutinins at this time. At the beginning of
the experiment there were 57 chicks in the incubators and 50 in the
control group which was kept at 350 C. for the first week and the tem-
perature was lowered approximately five degrees each succeeding week
until it reached room temperature. The number of chicks at each bleed-
ing is shown in Table 1.
TABLE 1
NUMBER OF CHICKS AT EACH BLEEDING
Hatching 2 wks. 4 wks. 6 wks. 8 wks. 9 wks.
Controls 50 47 43 43 37 33
Exper. . 57 43 26 22 20 17
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The relative humidity in the incubator ranged from 43 to 74 per
centwith an average of 55 per cent, while thatofthe room ranged from
38 to 70 per centwith an average of60 percent. The;room temperature
variedbetween200 and250 C. (average220),whereas thetemperature
in the incubators ranged between 410 and 430 C.
The temperature of each chick was recorded immediately before
each bleeding. The group subjected to heatshowed a consistently higher
average temperature than did the controls. The difference between the
two averagesvaried from 0.3° C. to 1.20 C.
Although hemagglutinin titers of each chick were determined at
various ages, space does not permit a tabulation of individual data. In
table 2 are shown the mean serum titers determined from individual
titrations.
TABLE 2
COMPARISON OF MEAN SERUM TITERS FOR RED BLOOD CELL ANTIGENS
Titerof
Titerof No.of control No.of
RBC Age exper.group chicks group chicks
Rabbit 2 wks. < 1 43 < 1 47
4wks. 72 26 52 43
6wks. 311 22 57 43
8 wks. 225 20 81 37
9 wks. 186 17 71 33
Rat 2wks. < 1 43 2 47
4wks. 10 26 12 43
6wks. 76 22 37 43
8 wks. 100 20 33 37
9wks. 89 17 39 33
Guinea-pig 2 wks. < 1 43 0 47
4wks. 1 26 < 1 43
6wks. 16 22 1 43
8wks. 30 20 4 37
9wks. 17 17 3 33
At nine weeks the chicks were bled to death and the hemagglutinin
titers weredetermined on a small amountof thepooled serum. The titers
of the pooled serums shown in table 3 correspond to the mean of the
individual titers in each group at nine weeks of age as shown in table 2.
TABLE 3
TITERS OF POOLED SERUMS (AT NINE WEEKS)
Titer of Titer of
RBC exper. group control group
Rabbit 128 64
Rat 64 32
Guinea-pig 16 4
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The development of hemagglutinins is shown in Fig. 1. The means
of the exponents of the highest serum dilutions in which agglutination
occurred are plotted, the abscissa representing the age of the chicks and
the ordinate representing the antibody titer. After a first rapid rise of
titer in both groups the curve begins to level off and to show a distinct
difference between the heated chicks and the control group ofchicks.
By the termina- FIG. 1 tion of the experi-
t h1 dFbt had been reached t
1 .^ ..a: d k i 4aZ _1 a i_Si - _|_ _ - i itandit is this eight-
_-;r- 1 seted to nine-week inter-
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r CEElErlTE L 6 . -X - !- develop antibodies at the same time.
After a period of development the graphs show an equilibrium to have
been established for all three types of hemagglutinins.
Analysis showed that the difference between the eight- and the nine-
week period was not significant and the individual chicks did not differ
from each other in their responses at this time. Comparing directly the
rabbit hemagglutinins and rat hemagglutinins in the two groups, no
significant difference is revealed. The rabbit hemagglutinins did not
differ relatively from the rat hemagglutinins in each group. Therefore,
the relative difference between the groups is the same, but the absolute
difference showed the heated group to have a significantly higher titer
of hemagglutinins than did the controls.
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Efect of heat on avidity of antibodies: From the tabulation of
hemagglutinin titers the coefficient of avidity was calculated according
to themethodused by Barikin and Friese.4 Therewasneither consistency
nor any great difference between the avidity of antibody in the heated
group of chicks and in the control group.
Effect of heat on specificity of antibodies: The effect of heat on
another property, namely, specificity' was studied. At the termination
of the experiment, agglutinin absorption tests were done with each'
serum, absorbing it with red cells of the rabbit, rat, or guinea-pig, and
determining the titer for all three types of cells. Titrations were made
the same day the serum was absorbed to prevent any non-specific effects
such as those reported by Boyd and others.8
The agglutinins for guinea-pig red cells seem to be completely non-
specific. They were wholly absorbed in every case by the red blood cells
of the rabbit and of the rat. The hemagglutinins for rabbit and for rat
cells did exhibit some degree of specificity in that they were not entirely
absorbed by the heterologous antigen. After absorption the serum was
again titrated with the antigen with which it was absorbed as a check on
the completeness of absorption.
All three types of antigens absorbed a major part of the antibodies
for the other two antigens. In both groups of chicks the agglutinins for
the red cells of the rabbit and of the rat exhibited approximately the
same degree of specificity, while those for the guinea-pig red cells were
wholly non-specific. The majority of the hemagglutinins for rabbit and
also for rat cells were absorbed by the heterologous antigens, but not
entirely. The hemagglutinins for guinea-pig cells were entirely absorbed
by the heterologous antigens. After comparing the averages of the
agglutinin absorption tests, no differentiation can be made between the
two groups ofchicks.
Inhibition tests: A series of inhibition tests were performed in an
effort to determine whether the normal hemagglutinins present in
chicken serum are produced by the action of antigens present in the
tissues of the chicken or of the egg which can exert an antigenic effect
over a long period of time. Serum from adult chickens was pooled and
inactivated at 560 C. for 30 minutes. Preparations from non-incubated
fertileeggyolk andeggalbumen, and tissuesofyoung and adultchickens
were used as inhibiting substances in dilutions ranging from .01 to 50
per cent. Gelatin, E. coli, and E. typhosa were used as control inhibiting
substances; the bacterial concentrations were varied, the most concen-
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trated being the 24-hour growth on a nutrient agar plate diluted with 2
ml. of saline.
The method employed in the tissue preparations was that used by
Boorman and Dodd.7 The methodofWiener3" for the preparation ofthe
organ extracts was also used.
Both the temperature and time of incubation of the inhibiting sub-
stances with the chicken serum were varied. The temperature ranged
fromroomtemperatureto 560 C. andthetimevariedfrom afewminutes
to several hours.
Material from the intestinat tract of chickens was prepared as an
inhibiting substance, according to the method which Forssman"2 used to
extract the Forssman antigen from the intestinal tract of rabbits.
Agglutinin absorption tests using pooled chicken serum and absorb-
ing with an equal amount of chicken red blood cells from different
chickens were also done.
None of the inhibition tests showed a diminution of titer after incu-
bation with the various inhibiting agents or with the controls. The
agglutinin absorption tests likewise did not decrease the original titer.
This suggests that the antigen producing the hemagglutinins which are
found in normal chicken serum is not present in the tissues tested, or is
not present in a form which can inhibit these hemagglutinins. The titers
of the hemagglutinins were determined before and after incubation
with the various inhibiting preparations and with the red blood cells
used to absorb the hemagglutinins, but there was no decrease in the
titers of any of the hemagglutinins.
Antigenicity tests: A further investigation of the question of the
presence in the chick tissues of antigen for normal hemagglutinins was
approached from another angle, that of antigenicity. Series of immuni-
zations were done usingfourspecies of animals, since all did notproduce
hemagglutinins for the same cells.
The animals immunized were rabbits, guinea-pigs, rats, and mice.
The antigens used were saline suspensions of the lungs, livers, kid-
neys, and spleens of adult chickens. The organs were triturated with
sterile sand, suspended in saline, centrifuged for ten minutes, the super-
natant poured off and preserved with merthiolate in a dilution of
1:10,000. These preparations werestored in the ice-box.
The organs of eleven adult chickens were pooled for this organ
preparation and the total volume of the saline suspension brought up to
200 ml. The antigen from the embryonic organs was made in the same
way; the embryos were 19 days old when the organs were removed.
471YALE JOURNAL OF BIOLOGY AND MEDICINE
Forty embryos were used for the pooled organ suspension and for the
egg yolk. Precipitin tests and bacterial agglutination tests were done on
some ofthe serums to check aresponse otherthanhemagglutinin forma-
tion in the animals. The following tables show the antigens which were
injected into the series of animals, and the antibody response elicited.
In table 5 the first horizontal row of figures represents the hemag-
glutinin titers before injection and the second row represents the titers
after immunization with the antigens named. The serums of a few ani-
mals were not tested with all six antigens.
TABLE 4
No. of AntigenInjected
Animal
1 Saline suspension of embryonic chick organs
2 Egg yolk of nineteen-day-old chick embryo
3 Yolk of non-incubated fertile egg
Precipitin titer for egg yolk before inj. 0
Precipitin titer for egg yolk after inj. 1:4000
4 Yolk of non-incubated fertile egg
Precipitin titer for egg yolk before inj. 0
Precipitin titer for egg yolk after inj. 0
5 Albumen of non-incubated fertile egg
Precipitin titer for egg alb. before inj. 0
Precipitin titer for egg alb. after inj. 1:4
41 Albumen of non-incubated fertile egg
Precipitin titer for egg alb. before inj. 1:16
Precipitin titer for egg alb. after inj. 1:8
6 Saline suspension of adult chicken organs
Precipitin titer for organ suspension bef. inj.
(antigen too cloudy to read)
Precipitin titer for organ suspension after inj. 0
7 Saline suspension of adult chicken organs
Precipitin titer for organ suspension before inj.
(antigen too cloudy to read)
Precipitin titer for organ suspension after inj. 0
23 Saline suspension of adult chicken RBC
Agglutinin titer forchicken RBC bef. inj. 0
Agglutinin titer for chicken RBC after inj. 1:1024
27 Saline suspension of adult chicken RBC
Agglutinin titer for chicken RBCbef. inj. 0
Agglutinin titer for chicken RBC after inj. 1:1024
35 Normal horse serum (control)
Precipitin titer for horse serum before inj. 0
Precipitin titer for horse serum after inj. 0
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11 Normal horse serum (control)
Precipitin titer for horse serum before inj. 0
Precipitin titer for horse serum after inj. 0
12 Nutrient broth (control)
13 E. typhosa No. 1 McFarland nephelometer standard (control)
E. typhosa titer before inj. 1 hr. 0 overnight 0
E. typhosa titer after inj. 1 hr. 0 overnight 0
14 E. coli No. 4 McFarland nephelometer standard
E. coli titer before inj. 1 hr. 0 overnight 0
E. coli titer after inj. 1 hr. 0 overnight 0
TABLE 5
HEMAGGLUTININ TITERS OF GUINEA-PIG SERUM AFTER INJECTION WITH
VARIOUS ANTIGENS
No. of Red blood cell antigens
animal rabbit rat dog guinea-pig sheep human
1 0 0 0
0 80 0
2 0 0 0
0 80 0
3 0 10 0 0 0 0
0 80 0 0 0 0
4 0 0 0 0 0 0
0 32 0 0 0 0
5 0 0 0 0 0 0
0 40 0 0 0 0
41 0 0 0 0 0 0
0 0 0 0 0 0
6 0 0 0 0 0 0
0 64 0 0 0 0
7 0 0 0 0 0 0
0 32 0 0 0 0
23 0 16 0 0 0 0
0 32 0 0 0 0
27 0 8 0 0 0 0
0 16 0 0 0 0
35 0 0 0 0 0 0
0 16 0 0 0 0
11 0 0 0 0 0 0
0 16 0 0 0 0
12 0 5 0 0 0
0 5 0 0 0
13 0 0 0 0 0
0 0 0 0 0
14 0 0 0 0 0 0
0 0 0 0 0 0
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A comparable series of tests were performed with rabbit serum after
the injection ofvarious antigens, butthe resultsdonotdiffersignificantly
from those reported in table 5.
Of ten rats also immunized, two showed a response to the specific
antigen injected. These responses were to a saline suspension of adult
chicken red blood cells. The hemagglutinin titer before immunization
was negative and after immunization it was 1:128 in both rats. The
other antigens used were a saline suspension of adult chicken organs,
albumen of non-incubated fertile egg, and yolk of non-incubated fertile
egg. Horse serum was injected as a control into two rats. The titer of
agglutinins in rats for rabbit, rat, dog, guinea-pig, sheep, and human red
cells was negative in all cases, both before and after the course of
injections.
The series ofmice injected were divided into five groups, each group
containing from 15 to 22 mice. The antigens used were the same as for
the rats, and the responses to the specific antigens were negative except
in the case of the chicken red blood cells. The titer after injection with
this antigen was 1:128. The hemagglutinin response to rabbit, rat, dog,
guinea-pig, sheep, and human red blood cells was negative in each case.
While the titers for the specific antigens injected were sometimes
high, the hemagglutinins produced were always of a low titer. Hemag-
glutinins appeared without a response tothe specific antigen injected and
high precipitin titers were sometimes produced without any hemagglu-
tinin formation at all. The two types of antibodies, that is, theprecipitins
and the agglutinins, were entirely independent of each other. The rats
and mice showed the poorest reactions, giving no precipitins at all and
the only hemagglutinins they produced were those directed against the
chicken red blood cells injected.
Sincehemagglutinin titerswereobtained forthe red bloodcorpuscles
of the sheep after immunization of several of the animals with red cells
of the chicken, a few agglutinin absorption tests were done to determine
how much of the antibody titer could be absorbed with Forssman anti-
gen. The agglutinin titers for chicken red cells were compared before
and after absorption. Equal parts of serum and Forssman antigen were
mixed and left at room temperature for one hour, shaking every 15
minutes.
In table 6 the hemagglutinin titers are recorded as the reciprocal
of the highest serum dilution in which agglutination occurred. For each
type of red cell the figures in the first column are the titer before absorp-
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TABLE 6
AGGLUTININ ABSORPTION TESTS WITH FORSSMAN ANTIGEN
No. ofanim4 Hemagglutinin titers
chbcken rat dog guinea-pig sheep
Guinea-pig 27 1024 512 16 16
Guinea-pig 23 1024 1024 32 16
Rabbit 5 16 0 8 0 16 0
Rabbit 6 256 0 4 0 128 0
tion with Forssman antigen and the figures in the second column are the
titers after absorption.
Hemagglutinins produced in the guinea-pig for the red cells of the
chicken and other animals were absorbed very poorly or not at all by
Forssman antigen. Antibodies stimulated in the rabbit by the injection
of chicken red cells were absorbed completely by the Forssman antigen.
Discussion
Thelittle-studiedeffectofheaton natural antibodieswasinvestigated
with several aims in view. It was hoped to disclose information which
would further clarify the origin of these antibodies and also demonstrate
whether the antibodies themselves would be altered in any way by the
mere application of an external stimulus.
Theinfluence whichcontinuouslyappliedheatexerts on thedevelop-
ment of the chicken was shown by the difference in size between the
heated group and the control groups. The death rate was twice as high
in the heated group, and growth was noticeably retarded. Randall26 has
found that the Barred Rock chicken can pant shortly after hatching,
but this was not efficient in maintaining body temperature until several
days of post-hatching development. He found that the normal body
temperature increases from the temperature oftheenvironment athatch-
ing to about 41° C. ten days after hatching. This corresponds closely to
the average temperatures recorded in the experiment for the control
group.
The results of the present experiments show that keeping the chicks
in a hot atmosphere accelerated the production of antibodies, as evi-
denced by the higher titer of the heated group after two months. This
difference was statistically significant. Although a few antibodies had
appeared in both groups at two weeks of age, the titers were very low
and there were only a few chicks showing antibodies in each group. It
was only after a period of time that a significant difference could be
detected between the two groups. Lack of a great difference between the
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groups at an early age would favor Hirszfeld's theory of serological
maturity. Once this serological maturity has taken place, the external
influences can then act as stimuli.
Although heat increased the amountof antibodies, itdid not seem to
alter the properties in any way. The difference between the coefficient
of avidity in the two groups was neither consistent nor great. The ab-
sorption tests for specificity differed in the same manner in each group.
From these results it may be concluded that heat influences the quantity
of natural hemagglutinins produced, but does not alter the quality as
represented by avidity andspecificity.
Embryonic chicken red blood cells begin todevelop an antigencom-
mon to the red cells of adults at about 100 hours.9 This suggested the
possibility that the yolks and albumen ofnon-incubated eggs might con-
tain antigens which are later transferred to the embryo, hence the use
of these substances as antigens. The tissues of the embryos and of the
adult chickens were included as antigens in order to provide additional
information as to the source of the hemagglutinins. The red blood cells
of adult chickens included as antigens have been reported to contain
heterogenetic antigen" which incites in rabbits a true heterophile anti-
body. The serum was titrated for the production of antibodies against
the antigen injected and against the red blood cells which have been
found to react with normal chicken serum. By these double titrations
the antigenicity and the response of the animals could be verified. Vari-
ous types of control antigens were selected and injected by different
routes to check the efficacy of the mode of injection. The fact that any
non-specific antigen, be it virus, bacteria, or serum, could produce
hemagglutinins in low titer aids in interpreting the results obtained by
the injections of chicken tissues.
Injection of the chicken tissues in some cases did increase the titerof
hemagglutinins already present and produced hemagglutinins when
none were originally present, but it is believed that the titers were low
enough to be due to a non-specific stimulation. This interpretation is
borne out by the controls which acted in a similar manner. High titers
were obtained for sheep red blood cells, a fact which is easily explained
by the presence of heterophile antigen in chicken tissues which Olson
and Zeissig24 and Furth and Kabat'3 have reported. The egg has also
been reported to contain Forssman antigen.31388
Thefactthatrabbits responded to theinjectionof thechicken organs
and red cells with the production of antibodies for sheep cells is easily
explained by the presence of Forssman antigen in these tissues, but lack
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of response to the egg yolk may have perhaps been due to the fact that
the antigen was obscured in some way or present in very small amounts,
since alcoholic extraction was not done. The antibodies against dog
cells may have a similar origin, since dogs are known to contain hetero-
phile antigen.
The mice reacted not at all to any of the antigens injected except
to the red cells of the chicken. That they did not produce antibodies
against sheep cells may be explained by the fact that they have been
found to be of the "guinea-pig type."-10 15
The best responses were obtained with the guinea-pig and the rabbit
and even these can be explained as a non-specific response, or in some
cases as a response to the Forssman antigen present in the substances
injected. The titers were low except in the case of precipitins formed
against the specific antigen. This non-specific effect was borne out by
the low titer of hemagglutinins produced even by the injection of the
control antigens.
The results obtained in these antigenicity tests would indicate that
the antigens for hemagglutinins are not present in the tissues of the
egg, the embryo, or the adult chicken. That they could have been in-
jected in non-antigenic form or obscured in someway ispossible, butthe
results obtained with the inhibition tests using the same substances as
inhibitors tend to weaken this argument.
A perusal of the results of this investigation and the conclusions
which may be drawn point to a correlation with the views of Hirszfeld
on the subject. The fact that external factors play only an auxiliary role
in theproduction ofnatural antibodies substantiates thetheory advanced
by him. This is further verified by the antigenicity tests and inhibition
tests in which no antigen could be demonstrated, thereby adding weight
to the belief that normal hemagglutinins are not produced as a result
ofimmunization withthespecific antigen, but ratherthatthemechanism
for producing them matures at certain periods in the development of
the animal.
Summary
1. Investigation of normal hemagglutinins of the chick revealed
titers and time of development to be in agreement with determinations
made by others.
2. Application of heat to chicks from the time of hatching was re-
flected in a significantly higher titer of normal hemagglutinins for the
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red cells of the rabbit, rat, and guinea-pig in the heated group of chicks
than was the case in the control group kept at room temperature. This
difference became significant several weeks after the appearance of the
antibodies.
3. The avidityofthe antibodies was the same in the heated group as
in the control group kept at room temperature. The specificity as deter-
mined by agglutinin absorption tests likewise was not altered.
4. Antigenicity tests using the egg yolk and albumen, the red cells,
and the organs of the embryo and the adult chicken as antigens showed
aboutthe same production ofhemagglutinins as didthe various controls.
The one exception to this was the hemagglutinins for sheep cells which
were probably produced in response to the Forssman antigen which
ispresentinthechicken.
5. Inhibition tests using egg yolk and albumen, and the organs of
embryonic and adult chickens as inhibitors showed no effect of these
substances on the hemagglutinins present in normal chicken serum. An
alcoholicextractofthecontentsofthe intestinal tractofchickens showed
no inhibition of the hemagglutinins. Agglutinin absorption tests using
chicken red blood cells and serum likewise did not diminish the original
titer.
6. The results of this investigation tend to substantiate Hirszfeld's
theory of serogenesis byshowing thatthe antigen for normal hemagglu-
tinins could not be demonstrated in the tissues of the chicken and that
heat can influence the production of normal hemagglutinins only after
the antibody-producing mechanism has matured. Inhibition tests further
verify the results found by the antigenicity studies, hence add to the
argument forserogenesis.
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